Data of confirmed 2019-nCoV cases before January 23, 2020 were collected from medical records, epidemiological investigations or official websites. Data of severe acute respiratory syndrome (SARS) cases in Guangdong Province during 2002-2003 were obtained from Guangdong Provincial Center for Disease Control and Prevention (GDCDC). Exponential Growth (EG) and maximum likelihood estimation (ML) were applied to estimate the reproductive number (R) of 2019-nCoV and SARS.
Research in context
Evidence before this study
We searched PubMed and China National Knowledge Infrastructure database for articles published up to Jan 25, 2020, using the keywords "Wuhan", "novel coronavirus", "2019 novel coronavirus" or "2019-nCoV". We found limited evidence of human-to-human transmission of 2019-nCoV from familial cluster, no published reports about the transmission dynamics.
Added value of this study
We reported the transmission dynamics of 2019 novel coronavirus (2019-nCoV) indicated by reproductive number (R), and found that 2019-nCoV may have a severer transmissibility than SARS-CoV. A decrease in the R values and periods from onset of symptoms to isolation during the spread of 2019-nCoV indicates the effectiveness of rigorous measures and actions that were conducted by China.
Implications of all the available evidence
Our findings indicate that more rigorous control and prevention measures on early detection, diagnosis and treatment of cases infected with 2019-nCoV are needed to contain its further spread, including shortening the period from symptom onset to isolation of patients, effective contact tracing, quarantine and isolation of exposed persons, wearing respirator in the public, and reducing gathering activities and population mobility.
In 2002-2003, the severe acute respiratory syndrome coronavirus (SARS-CoV) broke out globally, which caused more than 8000 cases with a fatality rate of 9.6%. 1 On January 7, 2020, a novel coronavirus 2019-nCoV causing human pneumonia infection was identified in Wuhan, Hubei Province, China. 2-4 As of January 24, 2020, the virus had spread to 29 provinces, regions and municipal cities across China. A total of 1965 suspected cases and 1287 confirmed cases with 41 fatality had been reported. 5 With the cases spread widely in China, more and more cases were detected from medical staff and persons without exposure history of wildlife or visiting Wuhan within 14 days prior to the onset of illness, it is very evident that 2019-nCoV can spread fast between persons. 4 However, a series of epidemiological parameters such as the incubation period, the humanto-human transmissibility as well as the time period from onset of symptoms to isolation are unclear.
Understanding these parameters is critical to predict the trend of 2019-nCoV outbreak, as well as guide clinical management and prevention and control of the 2019-nCoV outbreak. In the study, we examined the incubation period, reproductive number (R) and the period from onset of symptoms to isolation using confirmed 2019-nCoV cases data, and further compared them with that of SARS-CoV.
Methods

Data Collection
Data on confirmed cases of 2019-nCoV were collected as of January 23, 2020, including the date of exposure, symptom onset, and diagnosis. For the cases reported in Guangdong Province, China, the data were obtained from medical records and epidemiological investigations. For the cases reported in other regions of China or other countries, we extracted related information from official websites. We also collected the number of daily cases of SARS from November 16, 2002 to June 3, 2003 in Guangdong Province, China, which was provided by Guangdong Provincial Center for Disease Control and Prevention (GDCDC).
Estimation of reproductive number (R)
The basic reproductive number (R0) refers to the expected number of secondary infectious cases produced by a typical index case in an entirely susceptible population, which is a key indicator of transmissibility. When infection is spreading in a population, effective reproductive number (R) is more commonly used to describe transmissibility, which is defined as the average number of secondary cases generated by per infectious case. In the absence of control measures, R = R0χ, where χ is the proportion of the susceptible population. 6 R>1 means an increase of the number of cases will occur, while R<1 means the number of cases will decline. In order to calculate the R of 2019-nCoV, we need obtain the generation time (GT), also known as generation interval or series interval, which is defined as the time interval between symptom onset in an index case and symptom onset in a secondary case. 6, 7 Due to limited information on GT from our data, we cannot calculate the GT of 2019-nCoV. So, we applied the GT of SARS in a previous study as the GT of 2019-nCoV (GT=8.4 days, SD=3.8 days). 8 In the current study, we applied Exponential Growth (EG) and Maximum likelihood estimation (ML) to estimate effective R value for 164 2019-nCoV cases with available symptom onset. As R value varied in different phase of an epidemic, in order to compare with the R of SARS-CoV, we further estimated the R value of SARS-CoV using the data in the early phase (December 26, 2002 to January 23, 2003) of the SARS outbreak in Guangdong Province.
Exponential growth
During the early phase of a disease epidemic, the reproductive rate was considered to be linked to exponential growth rate, 9 which was defined by the per capita change in number of new cases per unit of time. We used Poisson regression to fit the exponential growth rate, since the daily incidence data are integer. The estimation of reproductive number was described as:
where M denotes the moment generating function of the generation time distribution, and r denotes the fitted exponential growth rate.
Maximum likelihood estimation
The maximum likelihood estimation is a common method for calculating R based on surveillance data during a disease epidemic, and it relies on the assumption that the secondary cases infected by an index case were Poisson distribution with expected value R. 10 Therefore, R can be estimated by maximizing the log-likelihood, as:
Where Nt denotes the number of symptoms onset cases observed on day t, w denotes the generation time distribution.
Estimation of the time dependent reproductive numbers (Rt)
The time-dependent reproduction number (Rt) is a real-time measure of disease transmissibility, which can be estimated over the course of disease progression. The Rt is particularly useful for monitoring epidemic trends, identifying "super-spreader events," measuring progress of interventions over time, as well as providing parameters for mathematical models. Based on previous studies, 8 we calculated Rt by averaging all transmission networks compatible with observations per two days, using the following equation:
Where pij denotes the probability that case i with symptom onset at time ti was infected by case j with onset at time tj, Rj denotes the effective reproduction number for case j, and Rt average all cases with same date of symptom onset. The confidence interval (CI) for Rt can be obtained by simulation.
Statistical analysis
We applied frequency and percentages (%) to describe categorical variables, and used mean±SD to describe the continuous variables. Given that a great number of cases only had the data of the arrival and departure time of Wuhan rather than the exact time of exposure to 2019-nCoV, the incubation period was calculated as follow: (1) in order to get a relatively precise exposure time, we selected the cases (n=16) who had traveled to Wuhan and stayed for no more than three days; (2) for each case, the max/min potential incubation period was estimated as date of the symptoms minus the arrival/departure date of Wuhan, and then average them to get the incubation time; (3) the incubation time was the mean incubation time of the cases included. Period from symptoms onset to isolation was calculated using the date of diagnosis minus the date of symptoms onset among the cases (n=153) with complete information on these two dates.
Sensitivity analysis
A series of sensitivity analyses were conducted to quantify the effect of parameters changes on R value. We changed the shape parameter of Weibull distribution from 7.5 to 9.5 days.
R software (version 3.6.0) was used for data analysis with "R0" package for calculating R and Rt values. Two tailed P<0.05 were considered statistically significant for all statistical tests.
Results
Description of the outbreak
Between December 29, 2019 and January 23, 2020, a total of 830 confirmed cases were identified in 29 provinces, regions and municipal cities across China, and 9 confirmed cases were identified overseas ( Figure 1 ). Hubei Province whose capital city is Wuhan reported the most cases (n=549).
Of the 830 cases, 25 cases have died, with a fatality rate of 3.0%. Figure 2A displays the epidemic trend of 164 confirmed 2019-nCoV cases. The number of cases slowly increased before January 8, 2020, and rapidly inclined after then. Figure 2B 
Incubation duration and period from onset of symptoms to isolation
The average incubation duration was 4.8±2.6 days, with ranging from 2 days to 11 days. The average period from onset of symptoms to isolation in all cases was 2.9±3.0 days ( Figure 3A) , and decreased from 6.7 days in cases before January 9, to 0.7 days in cases after January 19 ( Figure 3B ).
The average period from onset to isolation was 4.2±3.7 days in SARS cases.
Estimation of reproductive number (R)
The R values of 2019-nCoV as of January 23 were 2.90 (95%CI: 2.32-3.63) and 2.92 (95%CI: 2.28-3.67) estimated by EG and ML, respectively. The temporal distribution of R values showed declining trend from 7.93 (95%CI: 5.00-12.00) to 2.60 (95%CI: 0.57-5.17).
The R values for SARS before January 23, 2003 were 1.77 (95%CI: 1.37-2.27) and 1.85 (95%CI:
1.32-2.49) estimated by EG and ML, respectively. The R values decreased from 6.37 (95CI%: 4.50-8.00) to 1.20 (95CI%: 0.77-1.80) (Figure 4 )
Sensitivity analyses
The results of sensitivity analyses showed the R values of 2019-nCoV and SARS were robust to the changes of GT ( Figure S1 ). For example, the R estimated by EG method changed from 2.59 (95%CI:
2.12-3.15) using GT=7.5 to 3.35 (95%CI:2.60-4.32) using GT=9.5. The R values were significantly larger than 1 using different GT values.
Discussion
The 2019-nCoV is a novel coronvirus, which is different from SARS and other SARS-like viruses 3 .
The number of 2019-nCoV cases has increased rapidly in China, and cases have been transmitting to other countries. However, the transmission dynamics of 2019-nCoV remain unknown, 12 which is not conducive to containing the ongoing outbreak of 2019-nCoV.
In this study, we estimated effective R of 2019-nCoV using 164 confirmed cases, and found that R was around 2.9, which means 2.9 secondary cases generated by an index case of 2019-nCoV. This finding is comparable with that of SARS reported in several previous studies, ranging from 1.1 to 4.2 with most estimates between 2 and 3, [12] [13] [14] cases or mild cases could effectively transmit 2019-nCoV, which was different from SARS because most SARS cases were infected by "super spreaders", and cases in incubation period and mild cases could not infected susceptible. 6 Considering rapid spread across China of the ongoing outbreak, our finding suggests the ongoing 2019-nCoV epidemic may be much higher than SARS. 11 With the outbreaks progress in near future, it is not strange that sustained human-to-human transmission will be observed in communities, even super-spreading events will be seen in high risk places such as hospitals. 15 Therefore, more rigorous control and prevention measures need to be strictly implemented.
We This study has some strengths. First, this is the first study, to date, to assess the transmission dynamics of 2019-nCoV based on confirmed cases. In addition, we compared the transmission dynamics of 2019-nCoV with SARS. Third, we found measures previously taken by the governments are effective. These results could provide important information for successful control on the outbreak of 2019-nCoV.
Our study has several limitations. First, we could not collect all confirmed cases of the outbreak, which may result in bias of our results. Second, some epidemiological information including the dates of illness onset, exposure, and diagnosis were not available for many cases. Third, we are in the early days of this outbreak, and there is much uncertainty in epidemiological parameters that affects transmissibility of 2019-nCoV. More studies are urgently needed to fill-in these knowledge gaps.
In summary, 2019-nCoV may have a higher pandemic risk than SARS in 2003, and the efforts of containing the outbreak are taking into effect. Our findings indicate that more rigorous control and prevention measures on early detection, diagnosis and treatment of cases infected with 2019-nCoV are needed to contain its further spread, including shortening the period from symptom onset to isolation of patients, effective contact tracing, quarantine and isolation of exposed persons, wearing respirator in the public, and reducing gathering activities and population mobility.
